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SAARC  members  urgently  need  to  secure  sustainable  energy  supplies  at  affordable  prices.  Alarmingly 
high  oil  prices  in  the  face  of  ever  increasing  energy  demand  have  resulted  in  severe  pressure  on 
resources  of  SAARC  members.  The  objective  of  this  study  examine  the  relationship  among  energy 
consumption,  economic  growth,  relative  prices  of  energy,  FDI  and  different  financial  development 
indicators  (i.e.,  broad  money  supply,  liquid  liabilities,  domestic  credit  provided  by  banking  sector  and 
domestic  credit  to  private  sector)  in  the  panel  of  selected  SAARC  countries  namely  Bangladesh,  India, 
Nepal,  Pakistan  and  Sri  Lanka  over  a  period  of  1975-2011.  Panel  cointegration  test  suggest  that  the 
variables  are  cointegrated  and  have  a  long-run  relationship  between  them.  In  addition,  three  different 
panel  data  methods  i.e.  pooled  least  square,  fixed  effects  and  random  effects  have  been  used  to  test  the 
validity  of  the  “energy-growth  nexus  via  financial  development"  in  the  SAARC  region.  Specification  tests 
(i.e.,  F-test  and  Hausman  test)  indicate  that  the  fixed  effect  model  considered  as  the  best  model  to 
examine  the  relationship  between  energy  and  growth  determinants,  this  implies  that  variables  are 
apparently  influenced  by  country  effects  only.  The  fixed  effect  model  shows  that  there  is  a  significant 
relationship  among  energy  consumption,  economic  growth,  FDI  and  financial  development  (FD)  proxies, 
however,  FD  indicators  has  a  larger  impact  on  increasing  energy  demand,  followed  by  GDP  per  capita 
and  FDI.  Therefore,  it  is  concluded  that  there  is  a  trade-off  between  the  energy  and  growth  variables  in 
SAARC  region,  collective  efforts  is  required  to  transform  SAARC  region  from  an  energy-starved  to  an 
energy  efficient  region. 
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1.  Introduction 

SEC  [45]  reported  that  about  22%  of  the  world  is  still  living 
without  access  to  electricity,  mostly  in  rural  areas  far  away  from 
the  national  grid.  According  to  the  International  Energy  Agency 
about  85%  of  these  people  live  in  rural  areas  in  developing  of  Sub 
Saharan  Africa  and  South  Asia.  The  International  Energy  Agency 
assesses  that  even  in  2030  about  1.4  billion  people,  mostly  in 
Africa  and  South  Asia,  will  not  have  access  to  electricity. 

The  governments  of  Bangladesh,  Bhutan,  India,  Maldives, 
Nepal,  Pakistan,  and  Sri  Lanka  on  8th  December  1985  established 
the  South  Asian  Association  for  Regional  Cooperation  (SAARC) 
formally  adopting  its  charter  providing  for  the  promotion  of 
economic  and  social  progress,  cultural  development  within  the 
South  Asia  region  emphasizing  on  collective  self-reliance.  SAARC 
also  provides  for  friendship  and  cooperation  with  other  develop¬ 
ing  countries.  SAARC  accepted  Afghanistan  as  its  member  in  2007. 
It  primarily  focuses  on  acceleration  of  the  process  of  economic  and 
social  development  through  joint  action  in  the  agreed  areas  of 
cooperation  [49], 

SAARC  members  urgently  need  to  secure  sustainable  energy 
supplies  at  affordable  prices.  Alarmingly  high  oil  prices  in  the  face 
of  ever  increasing  energy  demand  have  resulted  in  severe  pressure 
on  resources  of  SAARC  members.  It  threatens  to  slow  down 
economic  development,  fuel  inflation,  increase  poverty,  and  bring¬ 
ing  socio-political  instability  in  the  region  [42].  The  energy 
deficient  South  Asian  region  depends  heavily  on  imports  due 
to  its  inability  to  produce  required  oil  and  gas  and  generate 
enough  electricity  to  meet  its  needs.  Estimates  indicate  three 
times  greater  energy  needs  for  the  region  in  next  fifteen  to  twenty 
years  [50], 


Achieving  durable  peace  in  the  region  calls  for  energy  coopera¬ 
tion  among  SAARC  countries.  Dhaka  declaration  in  2005  resulted  in 
establishing  SAARC  Energy  Centre  to  help  establish  an  Energy  Ring 
in  South  Asia  which  started  working  on  1st  March  2006  in 
Islamabad,  Pakistan.  For  meeting  its  energy  demands,  SAARC  Energy 
Cooperation  Program  aims  for  economic  prosperity  of  South  Asia. 
SAARC  Energy  Centre  is  working  to  turn  development  challenges 
into  opportunities.  It  is  a  platform  to  tap  potentials  of  cooperation  in 
energy  sector  including  developing  hydropower,  renewable  and 
alternative  energy,  promoting  technology  transfer,  energy,  energy 
trade,  energy  conservation  and  efficiency  improvement  in  the  region 
b  bringing  together  officials,  experts,  academia,  environmentalists 
and  NGOs  etc.  SEC  [45],  Table  1  shows  the  energy  profile  of  SAARC 
countries  as  compared  to  other  countries/region. 

Transforming  to  energy  efficient  from  energy  starved  region, 
SAARC  countries  must  cooperate  and  collaborate  to  overcome 
50,000  MW  electricity  shortfalls  [48],  At  the  South  Asian  Associa¬ 
tion  for  Regional  Cooperation  (SAARC)  level,  a  process  aiming  at 
energy  cooperation  was  started  in  2000.  The  main  milestones 
achieved  so  far  are  listed  in  Table  2. 

Foreign  Direct  Investment  (FDI)  plays  vital  role  in  the  economic 
development  by  contributing  in  GDP  growth  and  bringing  foreign 
funds,  advanced  technologies  and  skills  to  the  host  countries.  FDI 
indicates  long-term  interest  in  a  local  entity.  Flow  of  FDI  to  a 
country  takes  into  consideration  different  macroeconomic  factors, 
policies  of  that  government,  and  long  term  corporate  strategies  of 
multinational  corporations  [33], 

Regional  integration  can  bring  economic  development  in  number 
of  countries  irrespective  of  size  and  the  growth.  Only  deeper  coopera¬ 
tion  can  exploit  such  potential.  However,  a  number  of  challenges 
restrict  this  region  to  tap  its  potential.  Though,  the  very  nature  of  its 


Table  1 

Energy  profile  in  SAARC  and  other  countries/region. 

Source :  SEC  [44],  ACGR,  kWh  and  yr  represents  annual  change  in  growth  rate,  kilo  watt  hour  and  year  respectively  [35], 


Country/Region 

Energy  use  kgoe/capita/yr 

ACGR  in  last  10  years 

Electricity  use  kWh/capita/yr 

ACGR  in  last  10  years 

SAARC 

514 

2.5% 

517 

4.1% 

USA 

7051 

-1.2% 

12,914 

-0.3% 

EU 

3536 

-0.4% 

6592 

0.7% 

Brazil 

1243 

1.4% 

2206 

1.9% 

Malayasia 

2391 

3.0% 

3614 

3.3% 

China 

1695 

6.9% 

2631 

11.2% 

World 

1788 

0.9% 

2803 

2.0% 

Comparison  of  electricity  profiles  of  South  Asian  countries  (2012) 

Countries 

Electricity  installed  capacity  (GW) 

Electricity  generation  (000,  GWh) 

Distribution  losses  (Percent) 

Per  capita  consumption  (KWh) 

India 

210.38 

912.25 

29.25 

634 

Pakistan 

28.77 

94.82 

22.01 

512 

Bangladesh 

7.28 

41.25 

13.27 

178 

Nepal 

0.98 

3.85 

19.98 

112 

Sri  Lanka 

3.25 

11.28 

12.01 

498 

820 
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underdeveloped  economy  demands  integrated  efforts  of  SAARC 
members  to  overcome  such  huge  challenges  [12],  Under  the  broader 
framework  of  SAARC,  South  Asian  Preferential  Trade  Agreement 
(SAPTA)  signed  in  1995  was  instrumental  speeding  the  process  of 
economic  integration  in  South  Asia.  SAPTA  is  however  viewed  as 
interim  platform  for  a  greater  economic  integration  in  South  Asia. 
Many  believe  regional  integration  can  enhance  FDI  flow  and  economic 
development  of  the  region.  This  will  surely  pave  the  way  for  most 
efficient  use  of  South  Asian  resources  through  economies  of  scale, 
value  addition,  employment  generation,  and  diffusion  of  technology 
[41  ].  Though  the  regional  integration  did  not  enhance  the  SAARC  share 
in  world  trade  but  it  has  increased  FDI  inflows  and  trade  share  in  Asia 
and  world  respectively  [4],  Table  3  shows  the  mechanisms  of  the 
impacts  of  regional  economic  integration  on  FDI. 

South  Asia  is  perchance  one  of  the  least  integrated  developing 
region  of  the  world.  Liberalization  of  trade  still  needs  effective 
efforts.  There  are  numerous  barriers,  among  highest  in  the  world, 
to  trade  and  investment  between  neighboring  countries  due  to  lack 
of  economic  integration  against  its  real  potential.  FDI  as  percentage 
of  GDP  have  been  not  only  smaller  to  this  region  in  comparison  to 
rest  of  the  regions  such  as  ASEAN  world  but  its  pace  of  increase  has 
also  been  lesser  [53].  Generally,  foreign  institutions  do  not  counter 
barriers  in  financially  integrated  regions.  Financial  integration  paves 
path  for  increased  investment,  and  access  to  capital,  decreased 
funding  costs,  stabilized  macroeconomic  policies,  all  of  which  help 
regional  stability,  and  economic  growth.  Financial  integration  makes 
efficient  allocation  of  resources  and  higher  economic  growth  possi¬ 
ble  [7],  Primarily,  1990s  saw  financial  reforms  in  most  of  the  South 
Asian  countries  except  Sri  Lanka  and  Nepal.  Whereas  Sri  Lanka 
initiated  financial  reforms  much  earlier,  Nepal  could  do  the  same 
only  in  2002.  South  Asia  had  the  advantage  of  learning  pros  and 
cons  from  its  predecessors  in  reforms  such  as  Latin  American 
countries  which  experimented  with  big  bang  liberalization  mea¬ 
sures  and  the  transition  countries.  Hence  South  Asia  was  cautious  in 


its  reforms  while  attempting  allocative  efficiency  and  increasing 
profitability  of  financial  sector  [32], 

Financial  integration  in  Asia  lags  behind  trade  integration. 
Financial  markets  in  Asia  have  greater  integration  with  global 
markets  than  among  themselves.  Though  after  global  crisis  of 
2008/09  regional  integration  is  believed  accelerating,  its  still  has 
significant  sub  regional  variation  [3[.  Table  4  shows  the  banks’ 
overhead  costs,  return  on  assets,  and  interest  margin  based  on 
bank  ownership.  Government  owned  banks,  in  sharp  contrast  to 
the  foreign  owned  and  private  sector  banks,  not  only  have  the 
highest  overhead  costs  but  also  their  returns  on  assets  and  interest 
margins  are  the  lowest  among  all  the  bank  groups. 

Magnificent  Asia,  with  some  of  the  world's  richest  and  dynamic 
economies,  shares  36.6%  of  global  Gross  Domestic  Product  (GDP),  25.4% 
of  earth's  land  mass,  and  56.2%  of  the  world  population  (Table  5).  Along 
with  this,  its  2/3rd  share  of  world's  overall  poor  people  reflect  true 
diversity  of  Asia  in  terms  of  economic  development. 

The  discussion  above  strongly  signifies  the  relationship  among 
financial  development  indicators  of  SAARC  countries,  their  FDI 
inflows,  energy  consumption,  economic  growth,  and  relative 
prices.  The  study  attempts  analysis  of  statistical  relationship 
between  energy  and  growth  factors  using  secondary  data  from 
1975-2011  of  financial  development  indicators  of  five  SAARC 
countries  i.e.,  Bangladesh,  India,  Nepal,  Pakistan,  and  Sri  Lanka. 


Table  4 

Bank  profitability,  efficiency  and  margins  in  South  Asia. 
Source:  ADB  [1], 


Bank 

ownership 

Return  on 

asset 

Overhead  costs/ 
total  costs 

Overhead  costs/total  costs 
interest  margin/total  assets 

Government 

0.54 

2.64 

2.69 

Foreign 

1.68 

2.07 

3.43 

Private 

1.04 

2.44 

3.08 

Table  2 

Energy  cooperation  under  SAARC. 
Source:  SAWTEE  [43], 


January,  2000 
January,  2004 
1st  October, 
2005 


Technical  committee  on  energy 
Specialized  working  group  on  energy 

First  meeting  of  energy  ministers,  Islamabad:  formation  of  expert  group  on  energy  conservation  and  efficiency  and  roadmap  for  SAARC  region 


January,  2006  Establishment  of  the  SAARC  energy  centre  in  Islamabad 

5th  March,  2007  South  Asia  energy  dialog:  recommendations  to  promote  cooperation 

January,  2009  Concept  of  "Energy  Ring",  Colombo 

April,  2009  Fifth  meeting.  Working  Group:  Establishment  of  expert  groups  on  (a)  oil  and  gas,  (b)  electricity,  (c)  renewable  energy,  (d)  technology  and  knowledge 
sharing 

April,  2010  Concept  of  SAARC  market  for  electricity  in  the  16th  SAARC  Summit  declaration 


Table  3 

Mechanisms  of  the  impacts  of  regional  economic  integration  on  FDI. 
Source:  UNCTAD  [53], 


Mechanisms 


Effects  on  intraregional  FDI  flows 


Effects  on  FDI  inflows  from  outside  the  region 


Investment  liberalization  and/or  protection  provisions  in 
regional  agreements 

Trade  and  market  integration  provisions  in  regional 
agreements 

Policy  harmonization  implicit  in  the  implementation  of 
regional  agreements 

Broader  pan-regional  investment  projects  (e.g. 

infrastructure  or  research  and  development)  made 
possible  by,  or  integral  to,  regional  agreements 


Enables/encourages  increased  flows  from  regional 
investors  per  se,  including  existing  third-country 
investors  from  outside  the  region 
Enables  the  reorganization  of  production  at  the 
regional  level,  including  investments  and  divestments 

Encourages  investment  through  reductions  in 
transaction  costs  and  perceived  risk 

Provides  increased  investment  opportunities 


Enables/encourages  increased  flows  from  third- 
country  investors  not  currently  established  inside 
the  region 

Attracts  new  third-country  Investment  through 
enlarged  markets,  including  within  global  value 
chains 

Enables/encourages  increased  inflows  if 
harmonization  encompasses  investment 
regulations  applicable  to  third-country  investors 
Provides  increased  investment  opportunities 
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Table  5 

Basic  economic  indicators  by  region  and  sub-region. 
Source:  ADB  [3], 


Share  of  world 
population  %  (2010) 

Share  of  world  GDP 
(%,  PPP)  2011 

Real  GDP  growth  (%) 

Per  capita  GDP  (PPP) 

Average 

2000-2007 

Average 

2008-2011 

US  $  2011 

Average  growth  (%) 
2000-2007 

Asia 

56.2 

36.6 

6.2 

5.8 

7,376 

7.0 

East  Asia 

22.5 

23.5 

6.3 

5.9 

11,896 

7.7 

Central  Asia 

1.2 

0.7 

10.3 

5.9 

6,396 

9.8 

Southeast  Asia 

8.7 

4.2 

5.5 

4.5 

5,476 

6.0 

South  Asia 

23.3 

6.9 

6.8 

7.0 

3,325 

7.4 

The  Pacific  and  Oceania 

0.5 

1.3 

3.4 

2.0 

29,623 

3.5 

European  Union 

7.2 

20.1 

2.6 

0.0 

31,607 

3.6 

North  America 

6.6 

23.0 

2.6 

0.4 

39,450 

3.1 

World 

100.0 

100.0 

4.2 

2.8 

10,821 

4.7 

The  objective  of  this  study  is  to  find  out  that  existence  of 
energy  -  growth  nexus  via  financial  development  indicators  in  the 
SAARC  countries.  The  more  specific  objectives  are  as  follows: 

•  To  empirically  investigate  the  impact  of  economic  growth, 
relative  prices,  FD1  and  financial  development  indicators  on 
energy  consumption,  by  using  a  panel  cointegration  framework 
in  selected  SAARC  countries. 

•  To  estimate  whether  energy  and  growth  factors  are  apparently 
influenced  by  country  specific  effects  /  shocks,  time  specific 
shocks  or  both? 

The  paper  is  organized  as  follows:  after  introduction  which  is 
provided  in  Section  1  above,  literature  review  is  carried  out  in 
Section  2.  Data  source  and  methodological  framework  is  explained 
in  Section  3.  The  estimation  and  interpretation  of  results  is 
mentioned  in  Section  4.  Section  5  concludes  the  study. 

2.  Literature  review 

The  heterogeneous  context  of  different  countries  and  regions  of 
the  world  reflected  diverse  findings  in  different  global  studies  on 
energy  and  growth.  A  SAARC  based  study,  being  more  homoge¬ 
neous  in  nature,  finds  collective  efforts  more  fruitful  to  transform 
South  Asia  from  energy-starved  to  an  energy  efficient  region. 

[25]  opine  that, 

“..the  stimulus  for  Asia's  growth  in  the  future  will  have  to 
increasingly  come  from  within.  This  makes  regional  economic 
cooperation  all  the  more  important  to  Asia's  future  growth 
prospects.” 

Malik  and  Janjua  [30]  found  that  financial  crisis  through  trade 
channel  rather  than  financial  channel  impacted  the  South  Asian 
region.  They  were  investigating  the  impact  of  financial  crisis  on 
economic  growth  and  employment  in  three  South  Asian  countries 
from  1972  to  2009.  Hossain  [18]  found  bidirectional  short-run,  and 
not  long-run,  causal  relationship  between  economic  growth  and 
export  values  while  investigating  the  dynamic  causal  relationship 
among  economic  growth,  electricity  consumption,  export  values 
and  remittance  for  the  panel  of  three  SAARC  countries  using  time 
series  data  from  1976  to  2009.  Chary  and  Bohara  [11]  concluded 
that  income  and  energy  consumption  together  cause  carbon 
emissions  in  four  major  SAARC  countries.  They  were  studying 
causal  relationship  between  income,  energy  consumption,  and 
carbon  emissions.  Pradhan  [38]  found  unidirectional  short  run  and 
long  run  causality  from  oil  consumption  to  economic  growth  in 
Bangladesh  and  Nepal,  from  electricity  consumption  to  economic 
growth  in  Pakistan  and  Sri  Lanka,  from  economic  growth  to  oil 
consumption  in  India  and  Sri  Lanka,  and  from  economic  growth  to 


electricity  consumption  in  India  and  Nepal.  The  study  was  explor¬ 
ing  the  nexus  between  energy  consumption  (oil  and  electricity) 
and  economic  growth  in  five  SAARC  countries  from  1970  to  2006. 
In  addition,  the  study  found  bidirectional  causality  between 
electricity  consumption  and  economic  growth  in  Bangladesh  and 
between  oil  consumption  and  economic  growth  in  Pakistan. 
Hossain  and  Saeki  [19]  investigated  the  dynamic  causal  relation¬ 
ship  between  electricity  consumption  and  economic  growth.  It 
used  time  series  data  of  panel  of  South  Asian  countries  from  1971 
to  2007.  The  Granger  causality  tests'  results  indicate  unidirectional 
causality  from  economic  growth  to  electricity  consumption  in 
India,  Nepal,  and  Pakistan,  and  vice  versa  in  Bangladesh.  Iran 
and  Sri  Lanka  had  no  causal  relationship.  The  following  hypothesis 
has  been  drawn  on  the  basis  of  above  literature  i.e., 

HI.  Energy  consumption  stimulates  the  growth  indicators  (i.e., 
GDP  per  capita,  relative  prices,  and  FDI)  in  the  selected  SAARC 
countries. 

Shahbaz  et  al.  [47]  found  positive  impact  of  capital  export, 
energy  consumption,  financial  development,  imports,  and  inter¬ 
national  trade  on  economic  growth  in  China  from  1971  to  2011. 
Unidirectional  and  bidirectional  Granger  causality  was  found  from 
energy  consumption  to  economic  growth;  and  between  financial 
development  and  energy  consumption,  and  between  trade  and 
energy  consumption  respectively.  Pradhan  [39]  found  short  run 
and  long  run  bidirectional  causality  between  government  spend¬ 
ing  and  economic  growth  in  five  SAARC  countries  from  1970  to 
2007  except  Pakistan  and  Sri  Lanka.  Nguyen  et  al.  [34]  while 
investigating  relationship  between  bank  market  power  and  rev¬ 
enue  diversification  in  four  South  Asian  countries  (Bangladesh, 
India,  Pakistan,  and  Sri  Lanka)  from  1998  to  2008  found  banks  with 
greater  market  power  focus  more  on  conventional  interest  income 
generating  activities.  However,  diversifying  across  both  interest  and 
non-interest  income  activities  help  them  more  stabilize. 

Kreishan  and  Sami  [24]  found  positive  impact  of  FDI  and 
exports  on  economic  growth  in  Jordon  from  1970  to  2010.  They 
found  long  run  causality  from  exports  and  FDI  to  economic 
growth.  Perera  and  Wickramanayake  [37]  found  that  both  stock 
and  bond  returns  were  co-integrated  implying  common  stochastic 
trends.  The  study  was  conducted  in  financial  markets  of  four  major 
South  Asian  countries  i.e.  Bangladesh,  India,  Pakistan,  and  Sri 
Lanka.  Stock  market  was  more  integrated  than  the  less  developed 
and  data  deficient  bond  markets.  ([40],  p.l)  argue  that, 

“South  Asian  countries  need  to  embark  on  a  second  round  of 
“Look  East”  Policies  (LEP2)  to  (i)  link  themselves  to  production 
networks  in  East  Asia  and  (ii)  develop  production  networks  in 
manufacturing  and  services  within  their  region.  Such  policies 
would  allow  both  regions  to  benefit  mutually  and  in  a  shared 
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manner  not  only  from  the  static  complementarities  but  also  the 

dynamic  complementarities”. 

Jayanthakumaran  and  Lee  [22]  studied  the  per  capita  conver¬ 
gence  patterns  of  ASEAN  and  SAARC  countries  (a  set  of  5  each)  from 
1967  to  2005.  The  relative  per  capita  income  series  of  ASEAN-5,  and 
not  SAARC-5,  were  consistent  with  stochastic  convergence  and  p 
convergence.  The  structural  breaks  linked  with  the  world  oil  crisis 
and  the  Asian  crisis  strongly  affected  the  convergence  and  diver¬ 
gence  process  in  ASEAN-5.  From  the  above  discussion,  the  study 
hypothesizes  that: 

H2.  Energy  consumption  stimulates  the  financial  indicators  (i.e., 
broad  money  supply,  liquid  liabilities,  Domestic  credit  provided  by 
banking  sector  and  Domestic  credit  to  private  sector)  in  the 
selected  SAARC  countries. 

South  Asia  faces  great  challenges  of  energy  consumption, 
energy  growth,  and  financial  liberalization.  The  energy-growth 
nexus  needs  thorough  analysis  through  financial  development 
channel  and  to  find  out  the  inter  relationship.  In  the  subsequent 
sections,  an  effort  has  been  made  to  empirically  find  out  the 
relationship  between  energy  and  growth  in  the  context  of  SAARC 
region. 

3.  Data  source  and  methodological  framework 

In  this  study,  we  consider  a  balanced  panel  of  selected  South 
Asian  Association  for  Regional  Cooperation  (SAARC)  countries; 
namely,  Bangladesh,  India,  Nepal,  Pakistan  and  Sri  Lanka  over 
the  period  of  37  years  from  1975-2011  are  collected  from  World 
Development  Indicators  which  is  published  by  World  Bank  [54],  The 
data  for  energy  consumption  (i.e.,  kg  of  oil  equivalent  per  capita); 
GDP  per  capita  (current  US$);  relative  price  of  energy  to  non¬ 
energy  goods  (measured  by  the  ratio  of  the  price  index  to  the  GDP 
deflator,  annual  %),  foreign  direct  investment,  net  inflows  (%  of 
GDP);  money  and  quasi  money  as  %  of  GDP;  liquid  liabilities  (M3) 
as  %  of  GDP;  domestic  credit  provided  by  banking  sector  as  %  of 
GDP  and  domestic  credit  to  private  sector  as  %  of  GDP  has  been 
taken  for  analysis. 

The  dependent  and  independent  variables  used  in  this  study 
are  listed  in  Table  6.  Energy  consumption  is  used  as  a  dependent 
variable  for  the  study  while,  independent  variables  are  GDP  per 
capita;  foreign  direct  investment;  relative  energy  prices,  broad 
money  supply,  liquid  liabilities,  domestic  credit  provided  by  bank¬ 
ing  sector  and  domestic  credit  to  private  sector. 

A  simple  theoretical  model  has  been  adopted  to  show  energy- 
FDI-finance-growth  nexus  in  selected  SAARC  countries  is  given  in 
Fig.  1. 

Fig.  1  show  the  five  possible  linkages  between  the  variables  i.e., 
(i)  energy  consumption  to  financial  development,  (ii)  energy 
consumption  top  FDI,  (iii)  energy  consumption  to  economic 


growth,  (iv)  FDI  to  energy  consumption  and  (v)  financial  develop¬ 
ment  to  economic  growth.  Zeren  and  Koc  [55]  concluded  that 
financial  development  causes  the  more  efficient  use  of  energy 
sources  which  lead  to  decrease  costs  of  energy  consumption  per 
capita.  Chtioui  [13]  argued  the  policy  implications  of  the  causality 
between  the  variables,  as  economic  growth  Granger  cause  energy 
consumption,  it  implies  that  energy  conservation  policies  have 
little  effects  or  no  such  effects  on  economic  growth,  however, 
energy  consumption  Granger  cause  economic  growth  shows  that 
reducing  energy  consumption,  through  bringing  domestic  energy 
prices  in  line  with  market  prices,  could  lead  to  a  fall  in  income  of 
the  countries.  According  to  ([52],  p.  372), 

“Conceptually,  the  influx  of  FDI  is  inducing  electricity  consump¬ 
tion  through  the  expansionary  of  industrialization,  transporta¬ 
tion  and  manufacturing  sectors  development  while  electricity 
is  required  to  support  the  manufacturing  process.  Therefore, 
FDI  could  Granger  cause  electricity  consumption  or  vice-versa”. 

It  is  imperative  to  recognize  the  essential  determinants  of 
energy  efficiency  for  several  reasons.  Firstly,  energy  is  a  basic 
element  in  the  production  process  and  energy  crisis  can  be 
unfavorable  to  economic  development.  Secondly,  energy  efficiency 
is  a  major  factor  for  measuring  the  intensity  of  one  economy’s 
dependence  on  energy  consumption.  It  is  of  great  value  to  spot¬ 
light  on  enhancing  energy  effectiveness  for  Asia,  who  is  facing 
pressing  condition  in  terms  of  energy  security,  in  order  to  evade 
the  pressure  of  international  oil  price  variation.  For  the  moment, 
energy  demand  is  also  critical  to  the  management  of  air  pollu¬ 
tion  and  greenhouse  gas  emissions  since  energy  consumption, 
particularly  the  burning  of  fossil  fuels  is  considered  a  principal 
cause  of  air  pollution  [8[. 


Bangladesh 

Fig.  1.  Unified  framework  of  energy-FDI-Finance-growth  nexus  in  selected  SAARC 
Countries. 

Source :  Self  extract. 


Table  6 

List  of  variables. 


Variables 

Measurement 

Symbol 

Expected  Sign 

Data  Source 

Dependent  variable 

Energy  consumption 

kg  of  oil  equivalent  per  capita 

EC 

World  Bank  [54] 

Independent  variables 

GDP  per  capita 

Current  US  $ 

GDPPC 

Positive 

World  Bank  [54] 

Foreign  direct  investment,  inflows 

%  of  GDP 

FDI 

Positive 

World  Bank  [54] 

Relative  energy  prices 

The  ratio  of  the  price  index  to  the  GDP  deflator,  annual  % 

RPRICES 

Positive  / Negative 

World  Bank  [54] 

Money  and  quasi  money 

X  of  GDP 

M2 

Positive 

World  Bank  [54] 

liquid  liabilities  (M3) 

%  of  GDP 

LL 

Positive 

World  Bank  [54] 

Domestic  credit  provided  by  banking  sector 

%  of  GDP 

DBC 

Positive 

World  Bank  [54] 

Domestic  credit  to  private  sector 

%  of  GDP 

DPC 

Positive 

World  Bank  [54] 
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3.1.  Econometric  methodology 

The  study  adopted  the  following  sequential  econometric  mod¬ 
eling  technique  i.e., 

•  Firstly,  the  study  adopted  Levin,  Lin  and  Chu  (LLC),  Fisher-ADF, 
and  Fisher-PP  unit  root  test  to  check  the  unit  root  problem  in 
the  data  set  of  each  variable. 

•  After  examining  the  unit  root  problem,  the  study  employed 
Pedroni  residual  cointegration  test  to  check  the  long-run 
relationship  between  the  variables.  For  this  purpose,  four 
cointegration  test  has  been  performed  i.e.,  Panel  v-statistic, 
Panel  rho-statistic,  Panel  PP-statistic  and  Panel  ADF-statistic. 

•  Next,  the  study  takes  on  the  panel  least  square  test  to  evaluate 
the  significance  between  the  variables. 

•  The  study  adopted  two  more  econometric  techniques  i.e.,  panel 
fixed  effect  and  panel  random  effect  to  absorb  the  country 
specific  and  time  specific  shocks  in  the  region. 

•  Finally,  the  study  used  different  F-tests  and  Hausman  tests  for 
signifying  the  econometric  tests  in  the  region. 

In  empirical  and  theoretical  literature,  there  exist  a  few  studies 
that  explain  the  relationship  among  energy  consumption,  GDP  per 
capita,  FD1,  relative  prices  and  financial  development  indicators  in 
the  context  of  SAARC  region.  In  this  study,  we  employed  the 
following  three  separate  methods  i.e.,  Pooled  Least  Squares  (Com¬ 
mon  Constant  Method),  Fixed  Effect  [i.e.,  the  Least  Squares  Dummy 
Variables  (LSDV)]  and  Dynamic  Model  are  used  to  test  the  validity  of 
energy  led  growth;  FDI  led  growth  and  finance  led  growth  hypoth¬ 
esis  in  the  selected  SAARC  countries  during  1975-2011. 

The  general  representation  of  the  equation  is  as  follows: 

ln(EC)t  =/  InfGDPPC,  RPRICES,  FDI,  M2,  LL,  DBC,  DPC) 

The  general  representation  of  the  equation  mentioned  above  is 
as  follows: 

LogCTt)  =  C+/At  log(Xlt)  +  /?2f  log(X2t)+/?3t  log(X3t)  +  /?4t  log  (i*4t)  +  et 

(1) 


where  Yt  is  the  dependent  variable;  C  is  the  intercept;  pt  is  the 
slope  of  the  independent  variables;  Xt  is  the  growth  measures  (i.e., 
GDPPC,  RPRICES  and  FDI);  At  is  the  financial  development  indica¬ 
tors  (i.e.,  M2,  LL,  DBC  and  DPC);  T=l,  2. ..37  periods;  i=l,  2. ..5 
countries;  et  is  the  error  term;  px  is  the  coefficient  of  economic 
growth;  p2  is  the  coefficient  of  relative  prices;  p3  is  the  coefficient 
of  FDI;  p4  is  the  coefficient  of  financial  development  (FD)  indica¬ 
tors;  *,  asterisk  represents  FD  indicators  separately  regress  on 
energy  consumption  and  et  is  the  error  term. 

To  incorporate  country  specific  effects,  a  fixed  effects  model 
could  take  a  form: 

ln(EC)jt  =  ait+P\  ln(GDPPC)jt+/?2  ln(RPRICES)lt+^3  ln(FDI)+  +/?4  ln(FD) 

+  Ujt  (2) 

where  a,-  is  a  country  effects. 

To  incorporate  both  countries  and  time  effects,  random  effect 
model  take  the  form: 

ln(EC)jt  =  ao  +  «i  +  dt+/h  ln(GDPPC),f+/?2  ln(RPRICES)+/?3  ln( FDI)((  + 
+/14  ln(FD)it  +  Ujt  (3) 


4.  Empirical  findings 

To  test  whether  each  of  the  variables  in  a  study  containing  a 
panel  unit  root,  the  panel  unit  root  tests  proposed  by  Levin,  Lin 
and  Chu  (LLC),  Fisher-ADF,  and  Fisher-PP  tests  have  been  applied 
on  the  data  set.  Table  7  reports  these  results. 

The  results  show  that  FDI,  RPRICES,  M2,  LL  and  DPC  have  a  unit 
root  at  level  while  EC,  GDPPC  and  DBC  have  a  non-stationary  at 
level,  however,  after  taking  first  difference,  these  variables  have 
become  stationary.  The  results  indicate  mixture  of  order  of 
integration;  therefore,  we  applied  the  test  of  cointegration  given 
by  Pedroni  [36].  Results  are  given  in  Table  8. 

The  result  shows  that  in  all  four  columns,  first  panel  statistic  is 
positive  (i.e.,  v=1.22,  1.80,  0.89  and  0.57)  and  rest  of  three  panel 
statistics  is  negative  (i.e.,  rho=-4.50,  -2.25,  -0.49  and  -1.15; 
PP=  —4.10,  -3.49,  -0.11  and  -2.22  and  ADF=-1.32,  -3.90, 


Table  7 

Panel  unit  root  tests. 


Variables 

Level 

First  difference 

LLC 

Fisher-ADF 

Fisher-PP 

LLC 

Fisher-ADF 

Fisher-PP 

Ln  (EC) 

-0.645 

2.955 

3.013 

- 17.610* 

110.836* 

336.045* 

Ln  (GDPPC) 

0.341 

16.678 

16.942 

-18.286* 

115.762* 

110.782* 

Ln  (FDI) 

12.500 

93.918* 

26.486* 

-9.210** 

90.753* 

460.833* 

Ln  (RPRICES) 

-4.252* 

51.323* 

62.472* 

-18.590* 

336.991* 

919.343* 

Lm  (M2) 

-1.901"'* 

31.841* 

33.453* 

-8.062* 

70.460* 

81.500* 

Ln  (LL) 

-10.194* 

110.107* 

300.964* 

-8.345* 

82.121* 

113.734* 

Ln  (DBC) 

-1.159 

16.154 

15.588 

-7.879* 

73.220* 

78.607* 

Ln  (DPC) 

1.107 

24.567* 

23.466* 

-5.777* 

69.780* 

80.018* 

Note: 

*  1%  Level  of  significance. 

**  5%  Level  of  significance. 

Table  8 

Pedroni  residual  cointegration  test. 

Pedroni  (Engle- 

Ln  (EC),  Ln  (GDPPC),  Ln  (RPRICES),  Ln  (EC),  Ln  (GDPPC),  Ln  (RPRICES),  Ln  (EC),  Ln  (GDPPC),  Ln  (RPRICES), 

Ln  (EC),  Ln  (GDPPC),  Ln  (RPRICES), 

Granger  based) 

Ln  (FDI),  Ln  (M2) 

Ln  (FDI),  Ln  (LL) 

Ln  (FDI),  Ln  (DBC) 

Ln  (FDI),  Ln  (DPC) 

Panel  v-statistic 

1.22 

1.80 

0.89 

0.57 

Panel  rho-statistic 

-4.50 

-2.25 

-0.49 

-1.15 

Panel  PP-statistic 

-4.10 

-3.49 

-0.11 

-2.22 

Panel  ADF-statistic 

-1.32 

-3.90 

-0.19 

-2.42 

824 


A.  Alam  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  41  (2015)  818-829 


-0.19  and  -2.42).  On  the  basis  of  Pedroni  test  we  can  conclude 
that  series  are  cointegrated  and  have  a  long-run  relationship. 

Then  we  used  Pooled  estimation  of  least  square,  fixed  effect 
and  random  effect  for  estimating  whether  energy  consumption 
and  growth  determinants  is  influenced  by  country  specific  effects/ 
shocks,  time  specific  shocks  or  both?  The  results  of  pooled  least 
square  are  presented  in  Table  9. 

The  results  of  Table  9,  column  1  show  that  relative  energy 
prices  and  broad  money  supply  has  a  positive  and  significant 
impact  on  energy  consumption  in  selected  SAARC  countries, 
however,  the  intensity  of  their  magnitude  is  different,  as  if  there 
is  one  percent  increase  in  relative  energy  prices  and  broad  money 
supply,  energy  consumption  increases  by  0.107  percent  and  0.548 
percent  respectively.  The  result  concludes  that  sound  and  devel¬ 
oped  financial  system  attract  investors,  boost  the  stock  market  and 
improve  the  energy  efficiency  in  the  SAARC  region.  In  Table  9, 
column  11,  same  results  has  been  appeared  on  energy  consump¬ 
tion,  as  this  time  another  financial  determinant  i.e.,  liquid  liability 
(LL)  has  a  significant  and  greater  impact  on  energy  consumption  as 
compared  to  the  relative  prices  of  energy  i.e.,  0.950  percent.  In 
Table  9,  column  III,  shows  that  both  FDI  and  domestic  credit 
provided  by  banks  (DBC)  has  a  significant  impact  on  energy 
consumption,  similarly,  DBC  (another  proxy  for  financial  develop¬ 
ment)  has  a  greater  impact  on  energy  consumption  as  compared 
to  FDI  in  SAARC  region,  as  FDI  contributes  only  0.033  percent 
while  DBC  contributes  to  increasing  demand  for  energy  by  0.422 
percent  respectively..  The  result  suggests  that  an  escalation  in 


Table  9 

Pooled  least  square  regression  test  dependent  variable:  In  (EC)t. 


Variables 

Pooled  OLS 

(i) 

Pooled  OLS 

(2) 

Pooled  OLS 

(3) 

Pooled  OLS 
(4) 

Constant 

3.057*** 

2.280*** 

3.573*** 

4.453*** 

In  (GDPPC)f 

0.082 

-0.030 

0.088 

0.083 

In  (FDI), 

0.029 

-0.011 

0.033* 

0.057*** 

In  (RPRICES), 

0.107*** 

0.094*** 

0.057 

0.078* 

In  (M2)t 

0.548*** 

- 

- 

- 

In  (LL), 

- 

0.950*** 

- 

- 

In  (DBC)f 

- 

- 

0.422*** 

- 

In  (DPC), 

- 

- 

- 

0.225*** 

R-square 

0.434 

0.548 

0.380 

0.337 

Adjusted  R- 

0.421 

0.538 

0.366 

0.323 

square 

F-statistics 

34.562*** 

54.689*** 

27.638*** 

22.967*** 

Note: 

***  Significance  at  1%  level. 
*  Significance  at  10%  level. 


energy  consumption  lead  to  more  economic  and  investment 
activities.  This  increases  the  demand  for  financial  services  that 
further  hints  to  financial  development  [46],  In  Table  9,  column  IV, 
shows  that  there  is  a  positive  and  significant  impact  of  FDI,  relative 
prices  and  domestic  credit  to  private  sector  (DPC)  on  energy 
consumption  in  SAARC  region,  however,  this  time  also  DPC  (proxy 
for  financial  development)  exerts  the  largest  impact  of  0.225 
percent  on  energy  consumption.  The  analysis  shows  that  energy 
prices  increase  with  FDI  in  the  host  countries  whereas  FDI 
increases  with  better  growth  chances  [6].  In  terms  of  the  usual 
diagnostic  statistics,  the  value  of  adjusted  R-square  for  pooled  OLS 
lies  in  between  minimum  33.7  percent  to  maximum  54.8  percent 
variation  of  independent  variables  explained  to  the  dependent 
variable.  F-value  is  higher  than  its  critical  value  in  all  four  columns, 
suggesting  an  overall  good  significance  of  the  estimated  model. 
Therefore,  fitness  of  the  model  is  acceptable  empirically. 


Table  11 

Pooled  random  effect  regression  test  dependent  variable:  In  (EC)t. 


Variables 

Pooled 

random  effect 

a) 

Pooled 

random  effect 
(2) 

Pooled 

random  effect 
(3) 

Pooled 

random  effect 
(4) 

Constant 

3.057*** 

2.280*** 

3.629*** 

4.453*** 

In  (GDPPC)t 

0.082 

-0.030 

0.102* 

0.083 

In  (FDI)t 

0.029 

-0.011 

0.032* 

0.057*** 

In  (RPRICES), 

0.107*** 

0.094*** 

0.049 

0.078* 

In  (M2)t 

0.548*** 

- 

- 

- 

In  (LL)t 

- 

0.950*** 

- 

- 

In  (DBC), 

- 

- 

0.388*** 

- 

In  (DPC), 

- 

- 

- 

0.225*** 

R-square 

0.434 

0.548 

0.378 

0.337 

Adjusted 

0.421 

0.538 

0.365 

0.323 

R-square 

F-statistics 

34.562*** 

54.685*** 

27.441*** 

22.967 

11 B:  F-test  for  model  specification 

Pooled  vs.  119.245***  78.625*** 

14.015*** 

27.258*** 

fixed 

effect 

Pooled  vs. 

121.012*** 

201.325*** 

17.662*** 

77.358*** 

random 

effect 

Fixed  vs. 

1.812 

0.892 

1.045 

0.745 

random 

effect 

11 C:  Hausman 

^-Statistics 

test  for  model  specification 

-0.625  -1.014 

-1.201 

-0.352 

Note: 


***  Significance  at  1%  level. 
*  Significance  at  10%  level. 


Table  10 

Pooled  fixed  effect  regression  test  dependent  variable:  In  (EC)f. 


Variables 

Pooled  fixed  effect  (1) 

Pooled  fixed  effect  (2) 

Pooled  fixed  effect  (3) 

Pooled  fixed  effect  (4) 

Constant 

5.647*** 

4.522*** 

6.017*** 

5.894*** 

In  (GDPPC), 

0.021 

0.104** 

-0.014 

-0.006 

In  (FDI), 

0.016* 

0.010** 

0.018*** 

0.015*** 

In  (RPRICES), 

-0.013 

-0.004 

-0.012 

-0.016 

In  (M2), 

-0.009 

- 

- 

- 

In  (LL), 

- 

0.162*** 

- 

- 

In  (DBC), 

- 

- 

-0.051* 

- 

In  (DPC), 

- 

- 

- 

-0.036* 

R-square 

0.975 

0.978 

0.976 

0.976 

Adjusted  R-square 

0.968 

0.972 

0.968 

0.968 

F-statistics 

127.798*** 

147.601*** 

130.810*** 

131.015*** 

Note: 

***  Significance  at  1%  level. 
**  Significance  at  5%  level. 

*  Significance  at  10%  level. 


A.  Alam  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  41  (2015)  818-829 


825 


Fixed  effects  model  captures  all  effects  which  are  specific  to 
particular  individual  countries  and  do  not  vary  over  time.  The 
results  of  fixed  effect  model  are  given  in  Table  10. 

The  result  shows  that  in  Table  10,  column  1,  only  FDI  has  a 
significant  and  positive  impact  on  increasing  energy  demand  in 
SAARC  region;  however,  in  column  11,  GDP  per  capita,  FDI  along 
with  liquid  liability  has  a  positive  impact  on  increasing  energy 
requirements  in  the  region.  The  impact  of  financial  development 
indicators  i.e.,  DBC  and  BPC  on  energy  consumption  has  been 
disappeared  in  column  111  and  1  V  respectively,  where  both  FD 
proxies  has  a  significant  negative  impact  on  energy  demand  in 
SAARC  region.  The  SAARC  countries  ought  to  accentuate  on  policies 
that  inspire  effective  banking  system  reforms  that  would  lead  to  an 
efficient  financial  system  intended  at  providing  sufficient  loan  and 
credit  supplies  to  consumers  or  investors  to  encourage  economic 
growth  while  at  the  same  time  fulfilling  their  demand  for  energy 
[51],  The  results  of  usual  diagnostic  tests  indicate  that  adjusted  R- 
square  has  quite  high  value  showing  strong  relationship  between 
the  variables.  Incorporating  for  country  effects  causes  R-square  to 
increases  minimum  97.5  percent  to  maximum  97.8  percent  respec¬ 
tively.  Random  effect  model  captures  both  country  and  time  effects. 
The  results  are  given  in  Table  11. 

The  results  show  that  both  relative  prices  and  FD  indicators  have 
a  significant  and  positive  impact  on  energy  demand  in  SAARC 
region,  as  shown  in  Table  11,  column  (i)  and  column  (ii)  respectively. 
In  column  (iii),  except  relative  prices;  all  three  variables  i.e.,  GDP  per 
capita,  FDI  and  DBC  has  a  significant  positive  impact  on  energy 
consumption  in  that  region  which  implies  that  selected  SAARC 
countries  are  energy  dependent,  therefore,  energy  policy  that  aims 
to  conserve  energy  consumption  will  slow  down  economic  perfor¬ 
mance.  The  ADB  [2]  stresses  on  ensuring  increased  energy  supply  in 
South  Asia  for  stabilizing  one  the  fastest  growth  in  the  world. 
Ensuring  cost  effective  energy  for  all  amidst  ever-increasing  oil 
prices,  and  minimizing  pollution  of  the  local  and  global  environ¬ 
ment  present  enormous  challenges  to  South  Asia.  Finally,  FDI,  Prices, 
and  DPC  have  positive  impact  on  energy  consumption  implying 
increased  energy  consumption  encouraging  more  economic  and 
investment  activities.  This  calls  for  financial  services  that  also  call  for 
a  greater  financial  development  in  the  region  [46].  After  incorporat¬ 
ing  for  both  countiy  effects  and  time  effects,  adjusted  lies  in 
between  minimum  33.7  percent  to  maximum  54.8  percent. 

To  compare  the  pooled  OLS  model  with  the  fixed  effect  and 
random  effect  model,  the  results  in  Table  11,  panel  B,  appears  to 
indicate  that  the  fixed  effect  analysis  is  better  than  the  pooled  OLS 
model.  However,  Random  effect  model  is  not  suitable  than  the  fixed 
effect  model;  therefore,  we  can  conclude  that  the  energy  and  its 
determinants  in  the  five  selected  SAARC  countries  is  apparently 
influenced  by  countiy  effects  only.  To  confirm  the  results  of  Table  11, 
panel  B,  another  test  conducting  for  model  specification  i.e.,  Haus- 
man  test,  in  Table  11,  panel  C.  The  results  show  that  as  comparing 
the  fixed  effects  model  with  the  random  effects  model,  the  Hausman 
test  indicates  that  the  fixed  effect  model  is  a  better  choice  for  the 
analysis,  as  shown  the  value  of  Hausman  test  lies  in  between  - 1.201 
and  -  0.352  which  designates  insignificance  level. 


5.  Conclusion 

The  objective  of  the  study  is  to  analyze  the  impact  of  GDP  per 
capita,  relative  prices,  FDI  and  different  proxies  of  financial  develop¬ 
ment  (FD)  i.e.,  M2,  LL,  DBC  and  DPC  (each  FD  proxy  separately 
regressed  on  dependent  variable)  on  energy  consumption  (EC)  in 
selected  SAARC  countries  over  a  period  of  1975-2011.  This  study  uses 
different  panel  data  techniques  i.e.,  panel  cointegration,  pooled  OLS, 
fixed  effects  model  and  random  effects  model  to  examine  the  energy 
-  growth  nexus  including  FDI,  relative  prices  and  financial 


development  indicators  in  SAARC  region.  In  addition,  two  model 
specification  tests  i.e.,  F-statistic  and  Hausman  test  (statistics)  are 
used  to  evaluate  different  possibilities  i.e.,  whether  pooled  OLS 
model  is  between  than  fixed  effect  or  random  effect  model;  or  fixed 
effect  model  is  better  than  random  effect  model  etc.  The  results  of 
Pedroni  cointegration  test  indicate  that  variables  are  cointegrated 
and  have  a  long-run  relationship.  Pooled  OLS  results  on  average 
indicate  that  except  GDP  per  capita,  remaining  variables  i.e.,  relative 
prices,  financial  development  proxies  and  FDI  have  a  significant  and 
positive  impact  on  energy  consumption  in  SAARC  region.  Analysis  of 
fixed  effect  model  indicate  that,  on  average,  most  of  the  independent 
variables,  except  relative  prices,  significantly  impact  energy  demand 
in  SAARC  region.  The  results  confirm  the  prevalence  of  energy  led 
growth,  energy  led  FDI,  and  energy  led  FD  hypothesis  in  the  region. 
This  implies  that  financial  depth  and  growth  catalyst  each  other.  The 
growth  of  the  real  sector  significantly  impacts  development  of  the 
financial  sector  [10].  The  study  confirms  through  random  effect 
model  that  all  variables  significantly  impact  energy  consumption  in 
SAARC  region  implying  more  formidable  challenges  than  ever  to 
SAARC  countries  requiring  strong  policy  measures  to  guard  against 
them  [28].  Our  results  confirm  impact  of  FDI  on  energy  demand  in 
SAARC  region  indicating  inflow  of  advanced  technologies  as  con¬ 
sequences  of  FDI  and  thereby  escalation  of  economic  growth  and 
energy  consumption.  Model  specification  test  shows  that  the  fixed 
effect  model  is  thought  of  as  the  best  model  to  scrutinize  the 
relationship  between  the  variables. 

The  analysis  of  this  study  indicates  that  measures  such  as 
appropriate  legal  frameworks,  increased  investor  information  and 
corporate  governance  resulting  in  a  strengthened  financial  sector 
may  further  signify  the  impact  of  FDI  on  economic  growth  on 
SAARC  region.  Energy  infrastructure,  an  imperative  for  economic 
growth,  requires  such  an  energy  policy  that  may  not  only  maintain 
a  boosted  economic  growth  but  also  a  sustainable  economic 
development  in  the  SAARC  region  [38].  Broad  money  supply, 
liquid  liabilities,  domestic  credit  to  banking  sector,  and  domestic 
credit  to  private  sector  as  share  of  GDP,  proxies  for  financial 
development,  increase  energy  demand  in  SAARC  region,  therefore, 
ask  for  a  tight  examination  for  numerous  reasons.  Emerging 
economies  with  continuously  developing  financial  markets  should 
not  see  rising  income  as  the  only  influencing  variable  for  increase 
in  energy  demand.  Any  energy  demand  estimate  in  such  econo¬ 
mies  without  considering  financial  development  probably  would 
fail  to  provide  accurate  estimate  and  would  unfairly  interfere  in 
conservation  policies  [21],  Authorities  may  adopt  two  prong 
strategies  to  increase  investment  in  energy  infrastructure  on  one 
hand  and  encourage  R&D  in  green  technology  on  other  hand. 
While  the  former  would  ensure  sufficient  energy  supply  for 
financial  sector  and  economic  development,  the  latter  would  aim 
at  exercising  proper  soil  conservation  and  durable  farming  prac¬ 
tices  in  order  to  reduce  the  consumption  of  fossil  fuels.  By  doing 
so,  environmental  problems  such  as  carbon  dioxide  emissions  can 
be  minimized  without  affecting  economic  growth  and  financial 
sector  development  [51].  Further,  financial  sector  may  take  new 
approach  to  catalyst  capitalization  process  to  raise  economic 
growth  b  distributing  financial  resources  to  viable,  cost  effective, 
and  profit  oriented  projects  [31].  Greater  financial  integration 
coupled  with  strengthened  financial  market  can  support  to  better 
intermediate  Asia's  vast  savings  within  the  region  to  narrow  down 
the  infrastructure  gap  [3[.  Governments  should  build  up  the 
ongoing  transformation  agenda  predominantly  on  energy  infra¬ 
structure  to  generate  adequate  energy  supply.  This  can  be  done 
through  service  availability,  affordability,  and  accessibility  [14], 
Even  the  increasing  inflow  of  FDI  in  the  SAARC  region  is  low  in 
volumes.  Therefore,  suitable  measures  must  be  initiated  to  attract 
more  FDI  into  the  region  [15],  Energy  provision  is  vital  to  the 
development  agenda  in  SAARC  region  as  the  promoter  for  change 
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for  a  better  future.  Globalization  has  opened  new  opportunities  of 
interdependence  in  the  energy  arena  in  the  SAARC  region,  literally 
translating  into  internationalization  with  foreign  investment 
funds,  energy  trading  and  mutual  cooperation  in  technology 
transfer  [16],  SAARC  countries  should  take  extra  caution  in 
providing  the  essential  environment  and  infrastructure  that  must 
precede  lead  financial  development  policy  in  the  region. 

For  the  society's  perspective,  the  following  knowledge  should 
be  shared  with  the  states  i.e„ 

•  Domestic  energy  policies:  Governments  should  have  to  formu¬ 
late  and  execute  of  their  domestic  energy  policies  by  the 
support  of  the  international  community  for  capacity  building 
and  knowledge  transfers  for  developing  countries. 

•  Sustainable  development:  The  increased  use  of  renewable 
energy  sources,  integrating  energy  considerations  in  socio¬ 
economic  programmes,  establishing  an  appropriate  enabling 
environment  conducive  to  attracting  foreign  direct  invest¬ 
ments,  optimizing  the  efficient  use  of  fossil  fuels,  enhancing 
international  cooperation  and  encouraging  public-private  part¬ 
nerships  with  a  view  to  advancing  energy  for  sustainable 
development  in  their  regions. 

•  Research  and  developmental  activities:  Sustaining  research  and 
developmental  activities,  including  bilateral  and  multilateral  coop¬ 
eration  in  the  research  and  development  in  the  SAARC  region. 

•  Challenges  of  globalization:  As  globalization  progressively  fronts 
to  higher  environmental  and  social  standards  of  FDI,  SAARC 
governments  need  to  regulate  their  own  policies  to  fit  into  the 
evolving  world  standards. 

The  key  policy  measures  are  thus  to  advance  in  the  financial 
liberalizations,  economic  reforms  and  energy  supplies  which 
would  be  increase  in  the  domestic  absorptive  capacity  of  the  fruits 
of  FDI  in  the  regions. 


Appendices  A 

Panel  unit  root  tests 

Panel  unit  root  tests  could  be  considered  as  an  extension  of  the 
univariate  unit  root  test.  The  LLC  test  is  based  on  the  pooled  panel 
data  as  follows  [26] 

Ayir  =Pyit-t  +  «0  +  +  fit  4-  £\t  (Al) 

where  p,a0,o  are  coefficients,  a,  is  individual  specific  effect,  0t  is 
time  specific  effect. 

According  to  Levin  and  Lin  [26],  the  LLC  test  could  be  con¬ 
ducted  by  the  following  steps.  In  stepl,  subtract  the  cross-section 
average  from  data; 

y=l/N  £  yit  (A2) 

!  =  1 

In  step  2,  an  ADF  test  is  applied  to  each  individual  series  and 
normalizes  the  disturbance.  The  ADF  model  could  be  expressed  as; 

p, 

tyit=  P$it- 1+  j  <%Ay,t_j  +  aj  +  £jt  (A3) 

j=i 

Maddala  and  Wu  [29]  argued  that  this  is  equivalent  to  perform 
two  auxiliary  regressions  of  Ayit  and  yit_ ,  on  the  remaining 
variable  in  Eq.  (2).  Let  the  residuals  from  these  two  regression  be 


eit  and  Vit_ ,  respectively.  The,  regress  eic  on  Vit_\. 

Ci,t=PiVif- 1  +e,-t  (A4) 

Levin  and  Lin  [26]  suggest  the  following  normalization  to 
control  the  Heteroskedasticity  in  error. 

^ei  =  T  P  T  ^  (Oit— /tj  -  Vj[  j) 

1  ~ 1  i~  lt  =  p  +  2 


In  the  next  step,  the  LLC  test  statistic  could  be  obtained  from 
the  following  regression: 

&i,t  =  PVi.t-  1  +G',t 

The  f-statistic  for  testing  6  =  0  is  given  by 

8 

ts  = - — 

STD(<5) 

where 

g  =  Zl=iZt  =  2+pVt-iett  A5 

v»  V  V2 

2a  =  i  Zjt  =  2+pvit~t 

The  IPS  test  is  based  on  the  mean  value  of  individual  ADF 
statistics  or  t-bar  [20],  The  IPS  test  provides  separate  estimation 
for  each  i  section,  allowing  different  specifications  of  the  para¬ 
metric  values,  the  residual  variance  and  the  lag  lengths.  Their 
model  is  given  by: 

AV'i,t  =  ai+p,yu_1+  2  <Pk^Yi,t-k+Sit+Uit  (A6) 

k=  1 

The  null  hypothesis  and  the  alternative  hypothesis  are  formulated 
as: 

H0  :  Pi  =  0 
Ha  :  pi  <  0 

for  at  least  one  i 

Thus,  the  null  hypothesis  of  this  test  is  that  all  series  are  non¬ 
stationary  process  under  the  alternative  that  fraction  of  the  series 
in  the  panel  are  assumed  to  be  stationary.  IPS  also  suggested  a 
group  mean  Lagrange  multiplier  test  for  testing  panel  unit  roots. 

Maddala  and  Wu  [29]  attempted  to  improve  to  the  same  degree 
the  drawbacks  of  all  previous  tests  by  proposing  a  model  that 
could  also  be  estimates  with  unbalanced  panels.  Basically, 
Maddala  and  Wu  are  in  line  with  the  assumptions  that  a  hetero¬ 
geneous  alternative  is  preferable,  but  they  disagree  with  the  use  of 
the  average  ADF  statistics  by  arguing  that  it  is  not  the  most 
effective  way  of  evaluating  stationary. 

The  panel  data  unit  root  test  has  two  main  methods.  One  is 
based  on  the  same  root,  including  the  LLC  test  method  proposed 
by  Levin  et  al.  [27],  Breitung  test  demonstrated  by  Breitung  [9]  and 
Hardi  test  put  forward  by  Hardi  [17],  The  other  is  the  unit  root  test 
for  different  unit  roots,  including  the  IPS  test  proposed  by  Im  et  al. 
[20]  as  well  as  the  ADF  and  PP  tests  put  forward  by  Maddala  and 
Wu  [29].  To  overcome  the  deviation  created  by  single  methods, 
this  paper  adopts  the  tests  of  LLC,  Fisher-ADF  and  Fisher-PP  for 
unit  root  analysis. 
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Panel  cointegration  test 


The  F-statistic  is 


There  are  three  major  methods  of  cointegration  test  i.e.,  the 
Pedroni  test  proposed  by  Pedroni  [36],  Kao  test  demonstrated  by 
Kao  [23]  and  Johansen  panel  cointegration  test  put  forward  by 
Maddala  and  Wu  [29],  In  this  study,  we  selected  Johansen  panel 
cointegration  test  because  of  the  comparatively  more  research 
variables  and  comparatively  longer  time  series  as  well  considering 
the  space  limit. 


Rh-R2cc/(N-\) 

n-Rf-E)/(m-N-K) 


(A10) 


where  REE  coefficient  of  determination  of  the  fixed  effects  is  model 
and  R.£C  is  the  coefficient  of  determination  of  the  common 
constant  method.  If  F-statistical  is  bigger  than  the  F-critical  then 
we  reject  the  null  hypothesis. 


Panel  least  square 

The  common  constant  method  (Pooled  LS  method)  of  estima¬ 
tion  present  results  under  the  principal  statement  that  there  is  no 
difference  among  the  data  matrices  of  the  cross-sectional  dimen¬ 
sion  (N).  In  other  words,  the  hypothesis  is  useful  that  the  data  set 
is  a  priori  homogenous.  However,  this  case  is  quite  restrictive; 
that's  why,  we  include  the  fixed  and  random  effects  in  the  method 
of  estimation  (see,  [5]). 

Panel  fixed  effect 

In  the  fixed  effects  method  the  constant  is  treated  as  group 
specific.  This  means  that  the  model  allows  for  different  constants 
for  each  group.  The  fixed  effects  estimator  is  also  known  as  the 
least-squares  dummy  variables  (LSDV)  estimator  because  in  order 
to  allow  for  different  constants  for  each  group,  it  includes  a 
dummy  variable  for  each  group. 

Panel  random  effect 

An  alternative  method  of  estimation  is  the  random  effects 
model.  The  difference  between  the  fixed  effects  and  the  random 
effects  method  is  that  the  latter  handles  the  constants  for  each 
section  not  as  fixed  but  as  random  parameters.  Hence,  the 
variability  of  the  constant  for  each  section  comes  from  the  fact 
that: 

a,-  =  a+Vj  (A7) 

where,  v,  is  standard  random  variable  with  a  zero  mean: 

The  random  effects  model  therefore  takes  the  following  form: 

Yit  =  (a  +  Vi)  +  /?iX,it+J02X2;t+ +  fikXkit  4~Uj[ 

Y  it  =  a+/fXit+fi2^2it  + . +/4^fat+(vi  +  uit)  (A8) 

The  random  effects  model  has  two  advantages:  it  has  fewer 
parameters  to  estimate  compared  to  the  fixed  effects  method  and 
allows  for  additional  explanatory  variables  that  have  equal  value 
for  all  observations  within  a  group  (i.e.,  it  allows  using  dummies). 

F-test  for  model  specification  (pooled  OLS  vs  fixed  effects) 

Before  assessing  the  validity  of  the  fixed  effects  method,  we 
need  to  apply  tests  to  check  whether  fixed  effects  i.e.,  different 
constants  for  each  group,  should  indeed  be  included  against  the 
simple  common  constant  OLS  method.  The  null  hypothesis  is  that 
all  the  constants  are  the  same  (homogenous)  and  therefore  the 
common  constant  method  is  applicable: 

H0:a-I=a2  =  ...aN  (A9) 

Rejection  or  acceptance  of  the  null  hypothesis  depend  on  the 
value  of  F-statistic  i.e.  if  F-statistical  is  bigger  than  the  F-critical 
then  we  reject  the  null  hypothesis. 


F-test  (pooled  OLS  vs  random  effects) 

The  F-statistic  is: 

c_  ^re  ~^cc/(N  — 1)  ,.1  i, 

(l-/4)/(NT  — IV  — K) 

where  REE  coefficient  of  determination  of  the  fixed  effects  is  model 
and  R.£C  is  the  coefficient  of  determination  of  the  common  effect 
method.  If  F-statistical  is  bigger  than  the  F-critical  then  we  reject 
the  null  hypothesis. 

F-test  (fixed  effects  vs  random  effects) 

The  F-statistic  is 

c_  ^RE  ~^Fe/(N~  1)  (A17l 

(1— l4)/(NT  — N  — K) 

where  REE  coefficient  of  determination  of  the  fixed  effects  is  model 
and  R|e  is  the  coefficient  of  determination  of  the  random  effect 
method.  If  F-statistical  is  bigger  than  the  F-critical  then  we  reject 
the  null  hypothesis. 

Hausman  test  for  model  specification  (fixed  effects  vs  random  effects) 

The  Hausman  test  is  formulated  to  assist  in  making  a  choice 
between  the  fixed  effects  and  random  effects  approaches. 
Hausman  (1978)  adapted  a  test  based  on  the  idea  that  under  the 
hypothesis  of  no  correlation,  both  OLS  and  GLS  are  consistent  but 
OLS  is  inefficient,  while  under  the  alternative  OLS  is  consistent  but 
GLS  is  not.  More  specifically,  Hausman  assumed  that  there  are  two 
estimators  ~p0  and  of  the  parameter  vector  [)  and  he  added  two 
hypothesis-testing  procedures.  Linder  null  hypothesis,  both  esti¬ 
mators  are  consistent  but  j)0  is  inefficient,  and  under  alternative 
hypothesis,  ff  is  consistent  and  efficient,  but  jix  is  inconsistent. 

For  the  panel  data,  the  appropriate  choice  between  the  fixed 
effects  and  the  random  effects  methods  investigates  whether  the 
regressors  are  correlated  with  the  individual  effect.  The  advantage 
of  the  use  of  the  fixed  effects  estimator  is  that  it  is  consistent  even 
when  the  estimators  are  correlated  with  the  individual  effects.  The 
Hausman  test  uses  the  following  test  statistic: 

H  =  (fifE -/E)'[Var(/)FV  Var(/E)]  - '  (/E  -/E) (Al  3) 

If  the  value  of  the  statistic  is  large,  then  the  difference  between 
the  estimates  is  significant,  so  we  reject  the  null  hypothesis  that 
the  random  effects  model  is  consistent  and  we  use  the  fixed  effects 
estimators.  In  contrast,  a  small  value  of  the  Hausman  statistic 
implies  that  the  random  effects  are  more  appropriate. 

The  random  effect  model  could  be  written  as: 

ECjt  =  a-\- Uj  t  [> \  GDPPCit + (ij RPRICES,,  j  +/l3FDIjt_i  -P/^FDjf  i  u(f 

(A14) 

where  n,  is  group  specific  random  element. 
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Hausman  test  for  model  specification  (fixed  effects  vs  random  effects) 

The  Hausman  test  is  formulated  to  assist  the  choice  between 
the  fixed  effects  and  random  effects  approaches.  Hausman  (1978) 
adapted  a  test  based  on  the  idea  that  under  the  hypothesis  of  no 
correlation,  both  ordinary  least  square  (OLS)  and  generalized  least 
square  (GLS)  are  consistent  but  OLS  is  inefficient,  while  under  the 
alternative  OLS  is  consistent  but  GLS  is  not.  More  specifically, 
Hausman  assume  that  there  are  two  estimators  p0  and  jfi  of  the 
parameter  vector  p  and  he  adds  two  hypothesis-testing  proce¬ 
dures.  Under  null  hypothesis,  both  estimators  are  consistent  but  ~p0 
is  inefficient,  and  under  alternative  hypothesis,  jfi  is  consistent  and 
efficient,  but  jf  is  inconsistent. 

For  the  panel  data,  the  appropriate  choice  between  the  fixed 
effects  and  the  random  effects  methods  investigates  whether  the 
regressors  correlate  with  the  individual  effect.  The  advantage  of 
the  use  of  the  fixed  effects  estimator  is  that  it  is  consistent  even 
when  the  estimators  are  correlated  with  the  individual  effects.  The 
Hausman  test  uses  the  following  test  statistic: 

H  =  -^[VartfV  VartfVVT-A . -X2®  (A15) 

If  the  value  of  the  statistic  is  large,  then  the  difference  between 
the  estimates  is  significant.  So,  we  reject  the  null  hypothesis  that 
the  random  effects  model  is  consistent  and  we  use  the  fixed  effects 
estimators.  In  contrast,  a  small  value  of  the  Hausman  statistic 
implies  that  the  random  effects  are  more  appropriate. 

The  random  effect  model  can  be  written  as: 

ln(EC)it  =  a+  n,-+  ln(GDPPC)/t+/?2  ln(RPRICES)lt+/?3  ln(FDI)it 

+/?4  ln(FD)it  +  lift  (A16) 

where  n,  is  a  group  specific  random  element. 
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